Abstract -The objective of this work was to evaluate soybean (Glycine max) grain yield and the establishment of perennial intercropped forages. Soybean was evaluated in sole crop and intercropped with the following forages: Megathyrsus maximus, Aruana and BRS Tamani cultivars; Urochloa brizantha, Xaraés, BRS Piatã, and BRS Paiaguás cultivars; U. decumbens; and U. ruziziensis. A randomized complete block design was used, with seven replicates, in the 2011/2012 and 2012/2013 crop seasons. In the intercropped system, the forages were sown 21 and 14 days after soybean emergence, in the first and second crop seasons, respectively. Grain yield did not differ for soybean in sole crop or intercropped, except for soybean + U. ruziziensis and soybean + 'BRS Paiaguás', which were less productive in the second year of evaluation. The 'BRS Tamani' forage was the most suited for intercropping with soybean, considering its morphological characteristics and its low competition potential. Soybean intercropped with perennial forages contributes to suppress weed growth and, overall, does not compromise soybean yield. 
Introduction
Specialized production systems are vulnerable to market volatilities (Campos, 2007) and to climatic instabilities (Pinto et al., 2013) , and are often associated with soil and pasture degradation. Integrated crop-livestock systems (ICLS) are an alternative to specialization because they promote crop diversification (Vilela et al., 2011) and rotation, being commonly linked to the recovery of soil structure and to the reduction in the seasonality of forage production (Vilela et al., 2011) .
Forage availability can be increased by intercropping forages with annual crops (Vilela et al., 2011) . This intercrop is feasible because the initial growth rate of perennial forages is lower than that of annual crops and, therefore, they represent a low risk to grain yield (Cobucci & Portela, 2003) . The intercropping of corn and palisade grass is used in pasture recovery; however, the establishment of forages intercropped Pesq. agropec. bras., Brasília, v.52, n.7, p.521-529, jul. 2017 DOI: 10.1590/S0100-204X2017000700006 with soybean is still a challenge, given the small size and the low competition capacity of the oilseed (Kluthcouski & Aidar, 2003) . The competition of grasses in intercropping can be minimized by delayed planting and by using forage (Duarte et al., 1995) and soybean (Crusciol et al., 2012) cultivars suitable for intercropping. However, studies on these cultivation modalities are still insufficient for an effective recommendation (Vilela et al., 2011) , which, if viable, will favor an increase in productivity without the need for area expansion .
The forages currently available for intercropping were not improved specifically for ICLS and normally present limited use for both crop rotation and croplivestock integration. Some recently introduced cultivars have characteristics that are more favorable to this type of crop, due to their greater productivity and ease in handling regarding animals and herbicides (Machado & Valle, 2011) . However, phytotechnical adjustments are still necessary for the efficient establishment of forages in intercropping, especially with soybean.
The objective of this work was to evaluate soybean grain yield and the establishment of perennial intercropped forages.
Materials and Methods
The study was conducted in the municipality of Dourados, in the state of Mato Grosso do Sul, Brazil. The climate of the region is of the Cwa type, according to Köppen's classification, with hot and rainy summers and dry winters, and average annual rainfall of 1,400 mm. During the experimental period, meteorological conditions were unfavorable to the evaluated crops, with rainfall below the historical average in December 2011, December 2012, and January 2013, and with high temperatures in the second half of 2012 (Figure 1) .
The experimental design was of complete randomized blocks, with seven replicates. The cropping modalities evaluated were sole cropping and intercropping of soybean [Glycine max (L.) Merr.] with the following forages: Megathyrsus maximus (Syn. Panicum maximum), Aruana and BRS Tamani (PM45) cultivars; Urochloa brizantha (Syn. Brachiaria brizantha), Xaraés, BRS Piatã, and BRS Paiaguás cultivars; Urochloa decumbens (Syn. Brachiaria decumbens); and Urochloa ruziziensis (Syn. Brachiaria ruziziensis). The evaluations were carried out in the 2011/2012 and 2012/2013 crop years, in two different but nearby areas. The experiments were not considered as factorial, because the areas were not the same and the methodologies used in them were not exactly alike.
The forages were intercropped with the soybean cultivar most used in the south of the state of Mato Grosso do Sul -BMX Potência, which is considered tall. The used forage genotypes stood out in other experiments with sole crops, aiming their adoption in ICLS (Machado & Assis, 2010; Machado & Valle, 2011) .
The experiments were conducted in a Latossolo Vermelho distroférrico (Santos et al., 2013 Soybean grain yield was determined in six 2.0-m long rows in each experimental unit, using a plot seeder (Wintersteiger AG, Ried im Innkreis, Austria), on 3/2/2012 and 3/25/2013. The cutter bar was set to harvest plants below the insertion of the first pods, between 10 and 15 cm above soil level. The following variables were determined in one of the six rows: plant height and stand, i.e., the distance from soil surface to the tip of the last extended leaf and to the top of the plant community, respectively; density of soybean, weeds, and forage plants; and number of forage tillers. Subsequently, soybean was manually harvested to determine grain yield components. In addition, a shoot sample from the other plants was collected in between the soybean rows, to determine weed and forage dry mass. The humidity of the samples was determined, and impurity was manually separated from grains to determine grain mass, adjusted to 13% moisture.
To test the normality hypothesis, residues were subjected to the Shapiro-Wilk test, and the variables that presented normal distribution were evaluated by the linear model methodology. For those that did not present a normal distribution of residues, the analyses were performed using the generalized linear model methodology, assuming a binomial distribution for the variables (%): humidity, impurity, and empty pods. The Poisson distribution was assumed for number of grains per pod and number of weeds; and the Gama one, for weed dry mass. Then, data were subjected to the chisquare test, and the variables with normal distribution, to the analysis of variance. Means were compared by Fisher's LSD test, at 5% probability, by using the R software (R Core Team, 2016) . For the regressions, the SigmaPlot software, version 11.0 (Systat Software Inc., Chicago, IL, USA), was used. 
Results and Discussion
The cultivation modalities did not differ regarding grain yield (Table 1) . Numerical but not significant differences were observed for this variable, similarly to what was reported in other studies with soybean intercropped with forages of the genus Urochloa spp. (Pereira et al., 2011; Mariani et al., 2012; Saraiva et al., 2013; Franchini et al., 2014) .
Accepting the null hypothesis in the analysis of variance for soybean yield may be considered a conservative decision and implies admitting differences of up to 582 kg ha -1 as nonsignificant (Table 1) , in the 2012/2013 crop season. Supposing the null hypothesis was false, a type II error would incur and the proposed intercropping would compromise the profitability of the activity, especially when the production cost is close to that of the gross revenue, as predicted for the 2015/2016 crop season (Richetti, 2015) . By accepting 10% significance for the test of means, the analysis becomes more permissive, which, in the present study, penalized the alternative modalities that represent a greater risk to soybean grain yield. However, in this degree of significance, the average grain yield was greater only for sole soybean, compared with the intercropping with U. ruziziensis and 'BRS Piatã', in the 2012/2013 crop season.
When evaluating soybean intercropped with U. brizantha, Duarte et al. (1995) found a reduction in the grain yield of the oilseed, which was not observed with U. humidicola. The first forage presents a bunch/ erect growth habit, which favors the competition with soybean for light; the second one is stoloniferous and hardly reaches the top of the canopy, being less competitive. In the present study, the morphological characteristics of the forages may have favored soybean when intercropped with 'BRS Tamani', which has a short stem, and with 'BRS Paiaguás' and ' Aruana', which have thin culms that are susceptible to easy lodging. Plants with this characteristic have disadvantages when competing with soybean, unlike what was observed for U. ruziziensis, which has thicker and longer stems.
The average percentage of impurities in soybean grains was higher for the intercropping with U. ruziziensis (Table 1) (1) Means followed by equal letters, in the columns, do not differ significantly by Fisher's LSD test, at 5% probability for all variables and 10% probability for grain yield.
soybean crop, when compared with the other cropping modalities, in 2011/2012; and, in 2012/2013 , it only did not differ from the intercroppings soybean + 'Xaraés' and soybean + U. Decumbens. Grain humidity was affected by the percentage of grain impurity, mainly because it was determined without the removal of this fraction. Although this procedure is not usual, it allows inferring the potential of impurity interfering in grain moisture. In addition, when there is high forage mass, a microclimate is created, which makes it difficult to dissipate humidity into the canopy. These aspects may have affected grain quality. The modalities with the highest average number of pods per plant were: sole soybean crop, soybean + 'BRS Tamani (Table 1) .
There were differences in the average number of grains per pod only in the 2011/2012 crop season, with the highest values obtained for the soybean + U. ruziziensis intercropping, and the lowest ones for soybean + 'BRS Paiaguás' (Table 1 ). In the 2012/2013 crop season, no differences were observed between treatments for the average number of grains per pod and 100-grain weight.
Although several studies on intercropping focus on the possibility of competition between forages and soybean, there are no reports on changes in the grain yield components of the oilseed when intercropped with grasses (Mariani et al., 2012; Saraiva et al., 2013; Crusciol et al., 2014; Franchini et al., 2014 ). Significant differences, however, were found by Crusciol et al. (2012) and Saraiva et al. (2014) , who observed reduction in the number of pods per plant and of grains per pod in the soybean + U. brizantha intercropping. In the present study, the sole soybean crop showed a greater number of pods per plant than the intercropping with 'Xaraés' and 'Piatã', in 2011 , and with 'BRS Paiaguás', in 2012 The correct management of the forage can change its competitive ability with soybean. Silva et al. (2005a) reported a reduction in yield components when the forage was planted in advance, simultaneously or with a delay of less than 14 days after soybean emergence. The delayed planting of the forage, besides reducing the potential forage competition, allows the application of herbicides for weed control before soybean emergence. If the grass develops more than expected, its growth can also be inhibited by applying herbicides (Cobucci & Portela, 2003; Silva et al., 2004) .
For the average height of the soybean plants, no differences were found between the cultivation modalities, in the two crop years (Table 2) . Studies conducted by Crusciol et al. (2012 Crusciol et al. ( , 2014 and Franchini et al. (2014) showed changes in this variable between years or among genotypes. The average insertion height of the first pods ranged from 12.5 to 14.5 cm; however, no differences were observed between cultivation modalities, which is in alignment with Franchini et al. (2014) and Crusciol et al. (2014) , but differs from Silva et al. (2004) and Crusciol et al. (2012) . The average height of plants and of the insertion of the first pods are characteristics that vary between soybean genotypes and present some plasticity in relation to environmental changes (Crusciol et al., 2012; Franchini et al., 2014) . Soybean cultivars larger in size and with a higher pod insertion height may be more competitive for light and, therefore, less susceptible to competition with forages and to the grain depreciation caused by impurity, at harvest time.
The height of the forage plants also did not differ between cultivation modalities (Table 2) ; the highest numerical value was obtained with U. decumbens, in 2011/2012, and the lowest with U. ruziziensis, 2011/2012 and 2012/2013. In the 2012/2013 crop season, although thinning was done to standardize the density of forage plants, this number decreased at harvest. The lowest density of forage plants was found in the soybean + U. ruziziensis intercropping ( Table 2 ). The reduction in the number of plants during the soybean cycle may be associated with the shading caused by the crop. According to Kluthcouski & Aidar (2003) and Zimmer et al. (1987) , 6 to 20 plants per square meter are required for the establishment of pastures, a criterion met in the present study. 'BRS Tamani' presented the highest number of tillers. In stress conditions, when an herbicide is applied to control forage growth in intercropping, many tillers senescence and die (Silva et al., 2005b) ; therefore, a high density of both plants and tillers is essential to ensure pasture formation. , in the intercrop (Table 2 ). This result can be attributed to the increased competition for resources such as light, water, and nutrients, or even to the allelopathic effect of forages (Lithourgidis et al., 2011) . These values are well below those reported by Ikeda (2010) for soybean without weeding, but similar to those with weeding. The lowest value obtained was certainly related to the chemical control after soybean sowing, due to the delayed planting of the forages.
The dry matter yield of the forages was in alignment with the one reported by Mariani et al. (2012) for the ' Aruana' and 'Mombaça' grasses intercropped with soybean; however, it was much lower than the 3,058 kg ha -1 obtained by the authors in the intercropping with 'Marandu' grass. The discrepancy in these results may be related to the simultaneous planting of the forages and soybean, differently from what was done in the present study, in which the forage was planted after soybean. Mata et al. (2011) , in turn, obtained significantly lower values for this variable, probably because of the narrower spacing adopted between soybean rows (40 cm) and of the longer planting interval (20 to 30 days after the oilseed), which favored the growth of the soybean crop in detriment of the forage.
For the dry matter of forage + weeds, Silva et al. (2006) found values much higher than those obtained in the present study, which may also be related to the simultaneous planting of the forage employed by the authors.
Soybean grain yield showed a negative linear response to the increase in dry matter of forage + weeds, in the intercropping with the ' Aruana', 'BRS Tamani', 'BRS Paiaguás', and U. ruziziensis grasses (Figure 2 ). The increase of each kilogram in the mass of forage + weeds was responsible for the reduction of 0.412 to 0.994 kg ha -1 soybean grains. Although the dry matter of forage + weeds in soybean intercropped with 'BRS Tamani' grass did not differ from that of soybean + U. ruziziensis, with values close to 1,500 kg ha -1 , the average grain yield of the oilseed was higher in the first intercropping (Tables 1 and 2) .
Herbicides may be applied post-emergence to reduce the competition between forages and soybean, and their application in dry season is also common at the end of the soybean cycle, to facilitate mechanical harvesting (Cobucci & Portela, 2003; Kluthcouski & Aidar, 2003) . However, these measures were not adopted in the present study because they implied in risks to forage survival (Silva et al., 2006) , besides being another source of variation without an adequate control, since the tolerance of the genotypes to the herbicides is not the same (Machado & Assis, 2010; Machado & Valle, 2011) .
The damage to soybean yield is related to the competition for limited resources such as water, light, (Cobucci & Portela, 2003) . Since, in the present work, the average height of soybean far exceeded the average stand of the forage, the possibility of the grasses competing with soybean for light was discarded (Table 2) . Grain yields lower than expected may be related to the water deficit observed in the crop years, with rainfall below the historical average in some periods, especially in the 2011/2012 crop year. In intercropped crops, there is an increase in plant density and leaf area, which results in increased evapotranspiration and water demand, potentiating the effect of water deficit (Allen et al., 2006; Souza et al., 2012) . Morphological differences and forage extraction capacity may have contributed to water competition between grasses and soybean. The fasciculate root system of forages allows them to explore a larger volume of soil and gives them a greater water-extraction capacity than a plant with a pivotal root, such as soybean. In addition, the greatest effective depth of the root system of forage plants -1.0 to 1.5 m in comparison with 0.6 to 1.3 m for soybean -and the higher depletion factor of water availability - The application of herbicide dosages was indicated for intercropping with 'MG5' and ' Aruana' (Silva et al., 2004; Concenco et al., 2014) when the forage was competitive with soybean, with simultaneous planting. However, since herbicide tolerance varies among forages, it is necessary to study products and adjust doses to control the growth of the grass, so that the production of soybean is not compromised.
Some favorable characteristics of the forages to intercropping are worth mentioning, such as the presence of short stalks in 'BRS Tamani' and of thin stems in 'BRS Paiaguás', which facilitates lodging. Plants with these characteristics may present lower competition ability for light, reducing the risk of damages to soybean grain yield.
Conclusions
1. The establishment of perennial forages of the species Megathyrsus maximus, Aruana and BRS Tamani cultivars; Urochloa brizantha, Xaraés, BRS Piatã, and BRS Paiaguás cultivars; U. decumbens; and U. ruziziensis in intercropping with soybean (Glycine max) may be viable with delayed planting in relation to the emergence of the oilseed.
2. 'BRS Tamani' is the best suited for intercropping with soybean, considering its morphological characteristics and low competition ability.
3. The intercropping of soybean and perennial forages contributes to suppress weed growth.
